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The public comment period aine Development Support Document (D3@)the proposed 24

hour air monitoring comparison value (AMCKjierence value (Re\dr formaldehyde ended

May 6, 2014. The American Forest & Paper Association/American Wood Council and the
American Chemical Council submitted comments on fmeposed 24-hour AMCYV for
formaldehyde. e TCEQ appreciates the effoput forth to provide comments on ftis
proposed DSD for formaldehyde. The goal of the Toxicaligisionand TCEQ is to protect
human health and welfare based on the most scientified#fensibleapproaches possible (as
documented in the DSD), and evaluation of these comments furthered that Gomlments

were divided into sections and are provided below, followed by TCEQ responses.

Comments from theAmerican Forest & Paper Association and the
American Wood Council

Comment No. 1:

The American Forest & Paper Association (AF&PA) and the American Wood Council (AWC)
F LILWINBOAI 0SS (GKS 2LIIRNIdzyAde G2 O02YYSyd 2y (KS
(TCEQ) proposed A4our Ambient Air Monitorig Comparison Value (AMCYV) for formaldehyde.

AF&PA is the national trade association of the forest products industry, representing pulp,
paper, packaging and wood products manufacturers, and forest landowners. Our companies
make products essential for ewatay life from renewable and recyclable resources that sustain
the environment. The forest products industry accounts for approximately 5 percent of the
total U.S. manufacturing GDP. Industry companies produce about $175 billion in products
annually and erploy nearly 900,000 men and women, exceeding employment levels in the
automotive, chemicals and plastics industries. The industry meets a payroll of approximately
$50 billion annually and is among the top 10 manufacturing sector employers in 47 states.

AWC is the voice of North American traditional and engineered wood products, representing
over 75% of the industryFrom a renewable resource that absorbs and sequesters carbon, the
wood products industry makes products that are essential to everydayrdeemploys about
one-third of a million men and women in wedaying jobs. AWC's engineers, technologists,



scientists, and building code experts develop staft¢he-art engineering data, technology, and
standards on structural wood products for use Bsn professionals, building officials, and
wood products manufacturers to assure the safe and efficient design and use of wood
structural components AWC also provides technical, legal, and economic information on wood
design, green building, and manataring environmental regulations advocating for balanced
government policies that sustain the wood products industry.

TCEQResponse:

The TCEQ thanks AF&PA and AWC for their comments.

Comment No 2:

Recently, TCEQ proposed al#tsur acute AMCV of 24 ppusing based presumably on only one
study by WilhelImsson and Holmstrom (1992) that reports elevated rates of symptoms such as
eye, nasal, and lower airway discomfort in workers. Analysis of the acute effects of
formaldehyde based solely on one paper @& scientifically robust and is unwise. Furthermore,
the decision to make a determination based on one study gives the impression that: (1) thisis a
unique study in supplying information on these endpoints and, (2) the study is of acceptable
guality. Unhfortunately, neither of these statements are true. As discussed below, several
evaluations have been conducted on the rcancer health effects of formaldehyde. Indeed,
controlled formaldehyde chamber studies provide less possible confounding than
occupationally exposed cohorts and a more useful basis for deriving the AMCV. Of interest,
there are over 20 published studies and critical reviews of these controlled studies of
formaldehyde that provide consistent and convincing outcomes of acceptable exgposu
concentrations of approximately 0.1 ppm. Moreover, several authoritative bodies have already
conducted a review of the formaldehyde literature and have identified the reliance of these
studies.

Conversely, at least three reviews of the formaldehyde literature have come to the conclusion
that Wilhelmsson and Holmstrom (1992) does not provide sufficient details to be relied upon
for determining an acceptable concentration of formaldehyde. Consetfyave urge TCEQ to
discard their flawed evaluation and commit to additional review. While we feel several studies
are appropriate to provide a satisfactory body of data to support the AMCV, a recent study by
Lang et al. (2008) has been chosen by otitganizations for a similar exercise and thus we
recommend its use. One example is from the World Health Organization that used Lang et al.
to derive a protective threshold concentration for sensory irritation in indoor environments at
0.125 ppm.



TCEQResponse:

While the DSD for thproposed24-hour AMCYV cited only one study in consideration of brevity,
the study cited was used as the key study only after considering and reviewing the results of
other potential key studies as discussed in the 2008 D&rmaldehyde (TCEQ 2008), which
is more explicit about the consideration of other studies. In regard to the key study specifically,
while studies commonly have some limitationse tTCE@nd other agencies such as the
Agency for Toxic Substances and BsseRegistryATSDRand the California Environmental
Protection AgencyCalEPA)ave deemed studies of this worker cohort (e.g., Wilhelmsson and
Holmstrom1992 Holmstrom 198¥as of acceptable quality for derivation of heaftlhotective
inhalation values based on the irritant effects of formaldehyfiee TCEQ certainly recognizes
(as do other agencies) that WilhelImsson and Holmstrd@®® is not unique and that other
studies #so0 supply information on these endpoints, which is why the 2008 DSD for
formaldehyde discusses results from other such studies as well. The comments cite
approximately 0.1 ppm as an acceptable exposure concentration based changber study
literature, which is consistent with the nobservedadverseeffect-level (NOAEL) of 0.@pm

(0.09 mg/n?®) from Wilhelmsson and Holmstrom (199Zhis NOAEL wased to derive the
proposed 24hour AMC\f 24 pph but was not used to derive the final 2dur AMCV valuef

41 ppb.

The comments suggest use of Lang et al. (2008) for derivation of thel@4AMCVThis 4

hour study was used as a supporting study for tHeolir AMCV and is discussed in acute
assessment portion of the 2008 formaldehyde DSD (TCEQ X20b#&).Lang et al. (2008)oes
not provide the lowest poinbf-departure (POD) identified for the critical effects due to short
term exposure to formaldehyde, it is now included asupporting study in the final
formaldehyde DSEbr the 24hour AMCVwhich discusses multiple studies amtérives a final
24-hour AMCYV of 41 ppfas opposed to the proposed value of 24 ppli)is value igqual to

the 1-hour AMCYV as the irritant effects of formaldehyde are primarily concentration
dependent and ishealth protectivefor the general publicltis similar to(although somewhat
lower than)the cited World Health Organizatiq®VHO)indoor airthresholdguideline value of
81 ppb (0.Img/m°), whichWHO considers a threshold value not to be exceeded during any 30
minute period (see page 141 of WHO 20IDhe TCEQ does not set hedtthised values at
thresholds.

Comment No 3:

The Study Chosen by CEQ for the AMCV is Inadequate for the Prescribed Purpose

Wilhelmsson and Holmstrom (199R3ve been reviewed by several autftative bodies and in

several cases the use of the findings for public health considerations has been rejected. For
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of formaldehyde concluded that Holmstrommé& Wilhelmsson (1988) and Holmstrom et al.
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the most important of which is a failure to identify a clear relationship between adverse

responses and exposure concentrafio 2 NJ SE LJ2 & dzZNB RdzNJ G A2y d¢ a2 NB
Organization (WHO) Guidelines for Indoor Air Quality (2010) chapter on formaldehyde
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the Scientific Committeen Occupational Exposure Limits (SCOEL) for Formaldehyde (2008)
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In addition to these concerns, the NAS report also raised questions regarding potential
confounding to other chemicals/substances. N#&S report suggested -@xposures including
resins and dusts. Certainly the reported finding of deeper airway discomfort does not seem to
be attributable to formaldehyde. Also, another paper by Holmstrom et al., (1995) appears to
have a similar exposuzenario and reported where exposures to organic solvents and dusts
resulted in nasal, pharyngeal, and ocular symptoms of discomfort common among all exposed
groups.

TCEQResponse:

TheWilhelmsson and Holmstrom (199&udy is no longer used as the k&wudy.However, he
TCEQ notes that despite the alleged limitations, the study NOAEL of 0.07 ppm is remarkably
similar to theapproximately 0.1 ppnaited in comment@aboveas an acceptable exposure
concentration based on the chamber study literatuiRdea® see the previous response.

Comment No4:

Determination of the AMCV Should Rely on Controlled Human Studies

Authoritative bodies worldwide have relied on the use of chamber studies precisely because

they allow an accurate measure of formaldehymgcentrations associated with ocular and

upper airway sensory irritation. Both WHO and SCOEL have utilized chamber studies in deriving
appropriate values to protect against sensory irritation. In addition, the NAS has stated that
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TCEQ should use chamber studies to determine the AMCV.

The Environmental Protection Agency (EPA) also has evaluated these types of studies and has
reached similar conclusions. In aical analysis of controlled human volunteer exposure
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important advantage of this approach is that all relevant data can be used in the derivation as
opposed to a NBEL for the critical effect. The benefit of doing so allows health risks to be
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symptoms of sensory irritation for formaldehyde and an effective concentration at 1.5 ppm for
moderate effects.

TCEQResponse:

The finalfformaldehyde DSIbr the 24hour AMC\Whow utilizesas akey studythe same
chamber study that ATSDR used to dethar acute inhalation MRL (Pazdrak et al. 1993
well as another key study and supporting studies (including Lang et al.. Z2B88) CEQ does
not set healthbased AMCVs at thresholddowever it is noted that the supposed threshold of
0.5 ppm cited abve for formaldehyd-induced sensory irritation is: (tpnsiderahy higher

than the acceptable concentration of 0.1 ppm based on the chamber study literatureircited
commentspreviously (farther above)2)not a clear threshold as it bovethe lowest
observedadverseeffect-levels (LOAELS) foritant effects inshort-term exposurechamber
studies seh as Pazdrak et al. (1993) atchkowiak et al. (1998), both of which had LOAELSs of
0.4 ppm(also see Table-2 of ATSDR 1999nd (3) above even thecoupational shodterm
exposure limit{STELSecommended by ACGISTEL dd.3 ppm) and NIOSISTEL dd.1

ppm). While such potential thresholds may be more appropriately considered for setting
occupational worker guideline values, agaime TCEQ doeshset healthbased values at
thresholdsfor the protection of the general public.

Comment Nob5:

With regard to adjustment factors or uncertainty terms we generally agree with the decisions
made by TCEQ. We recognize that the volunteer studies ar&nlebur exposures and that for
many chemicals a rigkased adjustment to convert to a 24 hour exposure would be
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that formaldehydeinduced sensory irritation is strotygdependent on concentration and not
the traditional function of concentration multiplied by time. We also note that not performing
this duration adjustment is consistent with other agencies. As to intraspecies variability,
however, it is our opinion tht while the scientific literature reports on a broad range of
reported human susceptibility to the irritating properties of airborne formaldehyde, the
threshold of effect appears consistent across the human volunteer studies and a database
uncertainty fator does not appear to be warranted. Finally, TCEQ supports this uncertainty
term based, in part, on occupational cohorts where the healthy worker affect may
underestimate an effect in the sometimes include asthmatic individuals (a sensitive
subpopulatior) showing no distinct difference from neasthmatics, an intraspecies uncertainty
factor does not appear to be supported by the underlying facts.



TCEQResponse:

TheTCEQcknowledges the commenggreementwith not performing a duratioradjustment
(i.e.,formaldehydeinduced irritation isstrongly dependent on concentration and not the
traditional function of concentration multiplied by timend with TCEQ using a database
uncertainty factor of 1However, the TCEQ disagrees with the omnt that an intraspecies
(i.e., intrahuman) uncertainty factor is not needed. Asthmatics are not the only potentially
sensitive subpopulatiofe.g., childrengontact lens wearers). For exampteular irritation was
significantly (p < 0.001) higher amowgarers of contact lenses compared with students
without contactsin Tanaka et al. 200@&s cited by CalEPA 2Q08dditionally the comments

I O1 Yy 2 ¢ fthS &@rfific literature reports on a broad range of reported human
susceptibility to the irritatng properties of airborne formaldehydethus although the key
studies(Padrak et al. 1993Krakowiak et all998) in the finalformaldehyde DSIbr the 24
hour AMC\Mncludedpotentially sensitive subpopulatiaie.g., potentially sensitized
individuals) someuncertaintyabout intraspecies differences in sensitivigmainsand use of
an intrahuman uncertainty factaggreater than 1 (e.g3) is justified

Comment No6:

Lang et al. (2008) Would Provide Useful Information to Develop the AMCV

As notedearlier, there are several published studies describing health effects of formaldehyde
using controlled conditions with humans. Some precedent has been established by WHO and
SCOEL in the use of Lang et al. (2008) to derive a threshold value for seftationiwhich

should be considered the critical endpoint for the evaluation of the AMCV. Based on this study,
it is notable that symptoms of sensory irritation are unlikely to occur at levels below around 0.1
ppm. Many authoritative organizations haresached this same conclusion. Consequently, we
recommend the WHO derived protective threshold concentration of 0.125 ppm as the AMCV.

TCEQResponse:

As the basis for the 2dour AMCV, lhte comments suggest use tife Lang et al. (200&tudy
and/or the WHOIndoor airthresholdguideline valuewhich is actuallg1 ppb (0.Img/m°) (see
page 141 of WHO 201(®s indicated previously, mle Lang et al. (2008Joes not providehe
lowestPOD identifiedor critical (i.e., the most sensitiveffects due to sbrt-term exposure to
formaldehyde, it is now included assapporting study in the findbrmaldehyde DSior the
24-hour AMCVConcerning th&VHOindoor airthresholdguideline value of 81 ppb (0.1
mg/m®), WHO considers this value a threshold value ndig@xceeded during any 3@inute
period (see page 141 of WHO 201Dhe TCEQ does not set hedtithsed values at thresholds.
Thefinal DSDderives a final 2our AMCYV of 41 pptas opposed to the proposed value of 24
ppb), which is equal to the-hlour AMCV as the irritant effects of formaldehyde are primarily
concentration dependentThis24-hour AMC\s health protective for the general public and is



similar to(although somewhat lower tharihe WHOIndoor airthresholdguideline value of 81
ppb (0.1mg/m?).

American Chemistry Council Comments Regarding
the DSD for the Proposed Z4our FormaldehydeAMCV

Comment 1

The American Chemistry Council's Formaldehyde Panel (the Panel) is pleased to submit the
following comments on the Texas Commission onranmental Quality's (TCEQ) proposed 24
Hour Ambient Air Monitoring Comparison Value (AMCV) for formaldehyde. The Panel
represents US producers, suppliers and users of formaldehyde and formaldehyde products.
The TCEQ proposes al?dur acute Reference Val§ReV) of 30 ug/f(24 ppb) and identifies
the critical effects as "elevated rates of symptoms such as eye, nasal, and lower airway
discomfort in workers." The TCEQ has chosen Wilhelmsson and Holn{d868&) as the key
study for development of the AMCYV for formaldehyde. As discussed in the comments below,
however, the Wilhelmsson and Holmstrom (1992) study does not represent the mdst up
date scientific information to characterize the associationviztn formaldehyde exposure and
irritation and includes critical confounding factors. Therefore, it should not be relied upon to
derive the AMCYV for formaldehyde.

Controlled formaldehyde chamber studies provide a more reliable basis from which to derive
the AMCYV, and there are in fact over 20 published studies and critical reviews of controlled
studies of formaldehyde that provide consistent findings (many of which were reviewed in the
World Health Organization (WHO) 2010 Guidelines for Indoor Air Quéiiymaldehyde).

(Golden et al., 2011) In addition, many authoritative bodies have chosen to rely on these
chamber studies to identify thresholds for sensory irritation. For example, the WHO used Lang
et al. (2008) to derive a threshold for workers at th@/m>and for indoor environments at

0.125 mg/ni. The Lang et al. (2008) study is a well conducted study of 21 volunteers, and was
selected by WHO to be one of the key studies in this derivation because the corrected lowest
observed effect level (LOEL68.mg/n?) from Lang et al. (2008) was in agreement with no
observed adverse effect levels (NOAELS) from studies in both humans and animals, including
Kulle et al. (1987) and Nielson et al. (1999).

Accordingly, the TCEQ also should consider the Lang(20@B) study to derive the AMCV.
Moreover, based on the weight of the available scientific evidence, symptoms of sensory
irritation are unlikely to occur and would be insignificant at levels below 0.1 ppm (Golden et al.,
2011; Mueller et al., 2013). Thdoee, the WHO guidelines, based on the higher quality

chamber studies, appear to be accurate.



TCE@Reponse

While studies commonly have some limitatiotise TCEQ and other agges such as the

ATSDR an@alEPA have deemed studies of the worker comdWilhelmsson and Holmstrom
(1992 andHolmstrom(1989) as of acceptable quality for derivation of hegltiotective

inhalation values based on the irritant effects of formaldehydhile the Wilhelmsson and
Holmstrom (1992) study is no longer used askbg studyfor derivation of the 24hour AMCY

the TCEQ notes that the study NOAEL of 0.07 ppm is remarkably similar to the approximately
0.1 ppm cited in AF&PA and AWC comments above as an acceptable exposure concentration
based on the chamber study litdtae, as well as the 0.1 ppm cited above as a concentration
where symptoms of sensory irritation are unlikelye finaformaldehyde DSior the 24hour
AMCVnhow utilizes the same chamber study that ATSDR used to derive their acute inhalation
MRL (Pazdraét al. 1993).

As the basis for the 2dour AMCV, hie comments suggest use tife Lang et al. (2008tudy
and/or the WHQOndoor airthresholdguideline valuewhich is actuallg1 ppb (0.Img/m°) (see
page 141 of WHO 201®s indicated previously, whileang et al. (2008joes not provide the
lowest POD identified for critical (i.e., the most sensitive) effects due to $eort exposure to
formaldehyde, it is now included assapporting study in the findbrmaldehyde DSior the
24-hour AMCV Concerning th&/HOindoor airthresholdguideline value of 81 ppb (0.1
mg/m®), WHO considers this value a threshold value not to be exceeded during aninGe
period (see page 141 of WHO 201IDhe TCEQ does not set hedtithsed alues at thresholds.
Thefinal DSD derives a final 2tbur AMCYV of 41 ppb (as opposed to the proposed value of 24
ppb), which is equal to the-hiour AMCYV as the irritant effects of formaldehyde are primarily
concentration dependentThis24-hour AMC\s health protective for the general public and is
similar to(although somewhat lower tharthe WHOindoor airthresholdguideline value of 81
ppb (0.1mg/m?).

Comment 2

The Key Study Chosen for Setting the AMCV Should Not Be Used for Risk Assessment Due to
Possible Confounders and Lack of An ExpeBamendent Effect

In the support document for the proposed AMCYV, the TCEQ identifies Wilhelmsson and
Holmstrom (1992) as the key study chosen for development of the AMCYV. This study evaluates
reported symptomf sensory irritation in a cohort of 66 formaldehyde plant workers, and is

the same cohort that has been analyzed in the widely cited Holmstrom and Wilhelmsson (1988)
and Holmstrom et al. (1989) papers. These studies have drawn significant criticisnuiopern

of authoritative bodies. Most recently, the 1989 and 1988 studies were reviewed by a National
Academy of Sciences (NAS) committee in its review of the Environmental Protection Agency's
(EPA's) 2010 draft Integrated Risk Information System (IRISsas=at of formaldehyde (2011)
(NAS Report). The NAS Report concluded that the Holmstrom and Wilhelmsson (1988) and



Holmstrom et al. (1989) studies taken together have "numerous weaknesses, the most
important of which is a failure to identify a clear retatship between adverse responses and
exposure concentration or exposure duration.” (pg. 77)

In addition, the NAS Report raised concerns regarding potential confounding due to co
exposures to other respitary irritants in the workplace(pg. 76) A careful examination of the
Holmstrom and Wilhelmsson (1988) study reveals that despite the claim by the authors that it
looked at two groupsone "exposed almost exclusively to formaldehyde as the only nasal
irritant” and the other exposed todih wood dust and formaldehyde, workers in both groups
were exposed to dusts. The "formaldehydely" group consisted of 70 workers "...where
formaldehyde and products based on formaldehyde were produced (resins and impregnation
of paper for laminate prodetion)... For the group of workers impregnating paper (N=31) dust
concentrations of up to 1 mg/frhave been measured close to the machines." Therefore, since
44% of the formaldehydenly workers in this study were exposed to both formaldehyde and
paper dus, there is no basis for attributing effects to formaldehyde alone.

Paper dust is a nasal irritant and has also been associated with eliciting symptoms in asthmatic
workers (Jaakkola and Jaakkola, 2007; Shusterman, 2007). Based on this association, the
significant findings of nasal discomfort, eye discomfort, and deeper airway discomfort in the
formaldehyde group should not be attributed to formaldehyde alone. In fact, the 44%
frequency of deeper airway discomfort in this group suggests that something tithe
formaldehyde (or in addition to formaldehyde) was causing this effect since formaldehyde is
efficiently scrubbed from the upper airways and does not penetrate into the lower airways and
bronchi. (See Golden, 2011, citing Schlosser et al., 2003eKietlal., 1993, 2001; Overton et

al., 2001; Garcia et al., 2009). Since, as the NAS Report notes, “gxpasure could be a

2y FT2dzy RAy 3 T @ii7e)Nbisistdy sh&u®l nat lie defed épon to quantify the
association specifically betwedormaldehyde exposure and upper respiratory tract pathology.

In addition, the WHO Guidelines for Indoor Air Quality (2010) chapter on formaldehyde (WHO
Guidelines) concluded that Holmstrom et al. (1989) "cannot be used for risk assessment owing
to the ladk of an exposur@ependent effect.” (pg. 116) Similar critiques of this cohort study can
be found elsewhere in the scientific literature. (See e.g., Wolkoff and Nielsen, 2010; Golden,
2011).

Given that the Wilhelmsson and Holmstrom (1992) study is esdbntine same cohort and has
not addressed the concerns identified above, it should be judged of a lesser quality than more
recent studies and should not be relied upon to derive the AMCV.

TCEQResponse:

ConcerningVNilhelmsson and Holmstrom (1992) asey lstudy, while studies commonly have
some limitationge.g., potential workplace and personalerposures)the TCEQ and other
agencies such as the ATSDR and CalEPA have deemed studies of this worker cohort (e.g.,
Wilhelmsson and Holmstrom 1992, Holmstrd 989) as of acceptable quality for derivation of



health-protective inhalation values based on the irritant effects of formaldehykgardless,

the Wilhelmsson and Holmstrom (1992) study is no longer used as the key study for derivation
of the 24hour AMCV. However, the TCEQ notes that the study NOAEL of 0.07 ppm is
remarkably similar to the approximately 0.1 ppm cited in AF&PA and AWC comments above as
an acceptable exposure concentration based on the chamber study literature, as well as the 0.1
ppm cited above as a concentration where symptoms of sensomgiion are unlikely. The final
formaldehyde DSior the 24hour AMC\Vhow utilizes the same chamber study that ATSDR

used to derive their acute inhalation MRL (Pazdrak et al. 12@3)ell as anothékey study and
supporting studies (including Lang et al. 2008)

Comment 3

The TCEQ Should Rely on Controlled Human Studies to Determine the AMCV

There are numerous controlled chamber studies using human volunteers that can provide a
more appropriatedata set for deriving a valid AMCYV for sensory irritation. Controlled chamber
studies allow for clean air controls that ensure known dose concentrations and preclude
confounding by other chemical exposure. This of course allows for a more accurate aggessme
of a potential threshold specifically attributable to formaldehyde.

The use of controlled formaldehyde chamber studies in developing risk values for sensory
irritation has been validated by a number of authoritative bodies. In reviewing the 2010 draft
IRIS assessment of formaldehyde, NAS agreed with EPA that eye irritation is the critical
outcome upon which to base risk values, but questioned the Agency's rejection of the chamber
studies, stating: "The draft IRIS assessment sets aside the chambesstadéess relevant to
derivation of candidate RfCs, but the findings from the studies could be useful, and the
committee does not concur with EPA's decision to set them aside...." The NAS goes on to state
that the utility of chamber studies is that theyrgwide controlled measures of exposure and
response.” (NAS Report, at 65, 68)

Indeed, EPA itself has evaluated these types of studies and has reached similar conclusions. In
2005, EPA conducted a critical analysis of six human volunteer controlled expbsdies to

derive human health effects criteria for formaldehyoheluced sensory irritation. From these

data, mathematical models were used to assess responses. EPA noted that:

An important advantage of this approach is that all relevant data can be inghe
derivation as opposed to a NOAEL for the critical effect. The benefit of doing so allows
health risks to be estimated across various exposure levels (USEPA/NCEA 2005).

This approach was supported by the EPA Science Advisory Board reviewirZ0BE Asport,
which observed that the process EPA used in this report:



makesuse of every bit of data available.... The underlying premise of the approach is
that the severity of the effect, not the specific measurement or outcome incidence, is
the information needed for assessing exposuesponse relationships for necancer
endpoints... (USEPA/NCEA 2005).

EPA's detailed modeling process showed a clear threshold at 0.5 ppm for any symptoms of
sensory irritation for formaldehyde and an effective concentration at 1.5 ppm for moderate
effects.

Numerous other regulatory and authtative bodies worldwide have relied upon the large

body of data from chamber studies precisely because it permits a more accurate assessment of
formaldehyde concentrations associated with sensory irritation thankptaice or residential

studies. See e.g.OECD Development Screening Information Data Set, 2002; EU Scientific
Committee on Occupational Exposure Limits, 2008; WHO Guidelines, 2010).

The TCEQ 2012 guidance document, TCEQ Guidelines to Develop Toxicity Fad#23, (RG
describes using controlldsuman chamber studies which meet the WHO International
Programme on Chemical Safety (IPCS) criteria in Section 3.3.3.3.1.1 for derivation of screening
values. The Lang et al. (2008) study clearly meets these criteria. Furthermore, appropriate
controlled uman chamber studies previously have been used by TCEQ as the "key study"” in
several Effects Screening Level (ESL) and AMCYV derivations, including, acetone, n
butyraldehyde, and methanol.

Therefore, the TCEQ should utilize chamber studies for purpostessefoping the AMCYV for
formaldehyde as well, because these well designed and well described exposures provide
greater scientific clarity.

TCEQResponse:

The finalfformaldehyde DSIbr the 24hour AMC\Whow utilizesas the key studthe same

chamber studyhat ATSDR used to derive their acute inhalation MRL (Pazdrak et al, 4993)

well as another key study and supporting seglAs previously indicated, while Lang et al.

(2008) does not provide the lowest POD identified for critical (i.e., the mositseneffects

due to shortterm exposure to formaldehyde, it is now included asugporting study in the

final formaldehyde DSIbr the 24hour AMCVThe TCEQ doemt set healthbased AMCVs at
thresholds. However, it is noted that the supposed threstadl@.5 ppm cited above for
formaldehydeinduced sensory irritation is: (1) considerably higher than the acceptable
concentration of 0.1 ppm based on the chamber study literature citedH&PA and AWC
comments above; (2) not a clear threshold as it isveibe LOAELSs for irritant effects in short
term exposure chamber studies such as Pazdrak et al. (1993) and Krakowiak et al. (1998), both
of which had LOAELs of 0.4 ppm (also see TablefATSDR 1999); and (3) above even the
occupatonal shortterm STE&recommended by ACGIH (STEL of 0.3 ppm) and NIOSH (STEL of
0.1 ppm).While such potential thresholds may be more appropriately considered for setting



occupational worker guideline values, the TCEQ does not set Hemdibd values at thresholds
for the praection of the general public

Comment 4

We recognize that controlled studies are often criticized for focusing on acute effects, and
therefore they do not capture potential effects from longer term exposures. The Proposed
TCEQ Guidelines to Develop2dur Inhalation Reference Values suggests #xposure

duration adjustments should be made for studies that are less than 24 hours. It is important to
note; however, that formaldehyde does not follow traditional "concentration x tiqeficiples
O2yaAiailSyslaw Xherkford, it i9 tBeN@Rntration, not the time or duration, of the
exposure that is relevant to the observed health outcomes. Scientists, including some within
EPA, report that, for formaldehydeduced sensory irritation, there is essentially no meaningful
difference between lsort-term and longeiterm exposure (EPA, 2004; NAS, 2007; Shusterman
et al., 2006). In fact, NAS (2007) concluded:

Formaldehyde irritation does not appear to follow Haber's law (concentration [c] x
exposure time [t] = response [K]) for extrapolating beemeshortterm and longterm
toxicity levels. Generally, concentrations that do not produce shemwn sensory

irritation also do not produce sensory irritation after repeated exposure.... The degree
of sensory and irritant effects at lower exposure lexd#@pends on concentration rather
than duration (NAS, 2007, at 10%,118).

This conclusion is based on test results derived from human chamber studies which show that
once symptoms are produced at a certain concentration they are not enhanced with addlition
exposure time. As such, the estimated point of departure (PODHEC) that would be relied upon
for the derivation of the 24our formaldehyde AMCV would need no duration adjustment if

the Lang et al. (2008) study is used as the basis.

TCEQResponse:

TheTCEQ ackmwdedges the comments agreemewith not performing a duration adjustment

since formaldehydénduced irritation is strongly dependent on concentration and not the
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Comment5:

The TCEQ Should Use Lang et al. (2008) to Support the Derivation of the AMCV

As noted above, there are over 20 published studies and critical reviews of controlled studies of
formaldehyde. The TCEQ should consider Lang et al. (2008 lesytlstudy to derive the



AMCV Firstly, the Lang et al. (2008) study presents new data, possibly rendering the previous
2009 derivations obsolete and warrantingegaluation; secondly, there is precedent for the

use of this study to derive a risk value g@msory irritation. The WHO did so in developing the
final threshold value for objective sensory irritation.

Essentially, the TCEQ is using the same justification and study for development offtber24
AMCYV as it did for the formaldehyde acute and cticdcESLs and AMCVs. These values were
derived in 2008, which was prior to the publication of Lang et al. (2008). In August, 2008, the
TCEQ responded to public comments on the proposed formaldehyde and chronic ESLs
and AMCVsTexas Commission on Emrimental Quality (TCEQ) Responses to Public
Comments Received on the Proposed Development Support Document for Formaldehyde,
August 7, 2008). In that response, the TCEQ included the Lah@2608) study in the acute
section of the formaldehyde assessmieln both the August 2008 response to comments and
the 2012 TCEQ Guidelines for Development of Toxicity Factors, the TCEQ states that it will
update ESLs and AMCVs when new scientific evidence supporte\aa®. The Lang et al.
(2008) study and its gportive peerreviewed studies (e.g., Triebig et al., 2012; Mueller et al.,
2013) create a substantial body of new evidence. The 2008 assessment which provides the
basis for the proposed 2dour AMCYV is scientifically out of date and should bevaluated

In Lang et al. (2008), the authors examined 21 volunteers over a 10 week period and each
participant was exposed to 10 exposure conditions on 10 consecutive working days, each for 4
hours. During 4 of the 10 sessions, ethyl acetatel@®pm) was useds a masking agent for
formaldehyde exposure. Measurements were related to conjunctival redness, blinking
frequency, nasal flow and resistance, pulmonary function and reaction times. Subjective
assessments included discomfort, and the influence of perdgrfaktors on subjective scoring
was also evaluated.

Blinking frequency and conjunctival redness, ranging from slight to moderate, were significantly
increased by shoiterm peak exposures of 1.0 ppm that occurred at a baseline exposure of 0.5
ppm formabehyde. Nasal irritation was reported at concentrations of 0.5 ppm plus peaks of 1.0
ppm, as well as at levels of 0.3 ppm and 0.5 ppm witlyqmosure to ethyl acetate. In this case,

the ethyl acetate exposure was also perceived as irritating. No sigrifresatment effects

were noted regarding nasal flow and resistance, pulmonary function and reaction times. When
negative affectivity was introduced as a covariate, the level of 0.3 ppm was no longer an effect
level, but 0.5 ppm with peaks of 1.0 ppm wake authors concluded that eye irritation was the
most sensitive parameter recorded, and that the NOAEL for objective eye irritation was 0.5

TCEQResponse:

The finalformaldehyde DSor the final 24-hour AMC\Vhow utilizes as the key study the same
chamber study that ATSDR used to derive their acute inhalation MRL (Pazdrak et alag993)
well as another key study and supporting studi@s previously indicated, while Lang et al.
(2008) does not provide the lowest POD identified for critical (he. most sensitive) effects



due to shortterm exposure to formaldehyde, it is now included as apsupng study in the

final formaldehyde DSIbr the 24hour AMCV Lang et al. (2008) was also included as a

supporting study for the -hour AMCV in the acutassessment portion of the formaldehyde

DSD (TCEQ 2008), but was not selected as the key stuggard to whether the new scientific

articles cited necessitate the reopening the 2008 assessniemtew studies cited do not

justify reopenlng the2008formaldehyde DSPTCEQ 2008As a TCEQ response to comments

2y GKS wnny F2NXIfRSKERS 5{5 AYRAOIFIUOSRI G¢KS
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would beparticularly true if after critical evaluatioof all relevant informationnew
scientificallyconclusivedataclearly demonstrated a need wgnificanty reducean AMCV/ESL

(e.g., > 16dold) in orderto protect public healthAfter careful review, the TEQ has determined

that evaluation ofthe information contained in the new articles citecid not considered in

TCEQ (2008) (e.g., Mueller et al. 2013, Golden 20&a) not significantly affect the critical

acute or chronic ReVs/ESksy., different acuie PODSAMCVs are unlikely to be proposed and

final acute AMCVs are unlikely to be significantly different than current AMCVS).

Comment 6

The WHO relied upon the Lang et al. (2008) study to set a NG#/AE3 mg/ni (0.5 ppm) for

the determination of the Indoor Air Quality Guideline, to which was applied what we believe
was an overly conservative uncertainty factor of 5, to take into account nasal pungency
thresholds. (pgs. 11516) This resulted in a derived value0o125 mg/ni (0.1 ppm), which the
Guidelines provided "was considered safe for the entire population against sensory irritation,
including chrorg sensory irritation.” (pg. 116y spite of our concern regarding the uncertainty
factor applied by the WHQye believe that the WHO threshold value for sensory irritations is
based on the best available science, and the TCEQ should consider the approach reflected in
the WHO Guidelines in developing the AMCYV for formaldehyde.

TCEQResponse:

As the basis for th@4-hour AMCV, the comments suggest use of the Lang et al. (2008) study
and/or the WHO indoor air threshold guideline value, which is actually 81 ppb (0.1%ntee
page 141 of WHO 2010)o reiterate,Lang et al. (2008) does not provide the lowest POD
identified for critical (i.e., the most sensitive) effects due to skierin exposure to
formaldehyde althoughit is now included as supporting study in the findbrmaldehyde DSD
for the 24hour AMCVIn regard tothe indoor air threshold guideline vadwf 81 ppb (0.1
mg/m3), WHO considers this value a threshold value not to be exceeded during -aninG@
period (see page 141 of WHO 2010). The TCEQ does not setlhesdith vales at thresholds.
The finalDSD derives a final 2¥bur AMCV of 41 ppb (agpposed to the proposed value of 24
ppb), which is equal to the-hiour AMCYV as the irritant effects of formaldehyde are primarily
concentration dependent. This Z2dbur AMCWvill protect the general publiagainst potential



symptoms of sensory irritatioand is similar to (although somewhat lower than) ttieed WHO
indoor air threshold guideline value of 81 ppb (0.1 mgym
Comment 7

Symptoms of sensory irritation are unlikely to occur and would be insignificant at levels below
0.1 ppm

As we notedabove, the WHO concluded that an objective threshold for sensory irritation is
about 1 mg/ni (0.81 ppm) for workers and that a value of 0.125 mg(th1 ppm) is considered
safe for the entire population, including chronic sensory irritation and childngposed in an
indoor environment 24 hours per day (WHO, 2010, pgs-16)5

TCEQResponse:

WHO considers the indoor air threshold guideline value of 81 ppb (0.1 Hhgsra threshold
value not to be exceeded during any-80nute period (see page 141 of D 2010). The TCEQ
does not set healthbased values at thresholds. The final formaldehyde @&ihe 24-hour
AMCWdoes use Lang et al. (2008) study as a supporting study and derivesoa”RAMCV of
41 ppb, which is similar to (although somewhat lowegirththe WHO indoor air threshold
guideline value.

Comment 8

Other evidencebased reviews conclude that 0.3 ppm is a reasonable and appropriate level
below which symptoms of sensory irritation are unlikely to occur:

1 "[Slymptoms of eye and mucous membuairritation at that concentration were not
increased above control conditions in controlled chamber studies” (NAS, 2007).
1 "Studies in the literature have reported a variety of responses induced by exposure to
gaseous formaldehyde, generally beginninghea tange of 0.3 to 0.5 ppm for eye
irritation, the most sensitive endpoint. However, the severity of response at these levels
is generally mild, and only a small portion of the population may respond” (The
Organisation for Economic Caoanation and Developent (OECDJIBS, 2002).
1
Many other authoritative bodies have reached these same conclusions. (Agency for Toxic
Substances and Disease Registry (ATSDR), 1999, 2007; WHO, 2002; American Conference of
Industrial Hygienists (ACGIH), 2001; MAK, 2006; Natiodastrial Chemicals Notification and
Assessment Scheme (NICNAS), 2006).



TCEQResponse:

This comment cites 0.3 ppm formaldehyde as a threshold concentration since eye irritation
200dzNBE G3IASYySNIrftfe 0SAAYYAYyA Ay atklredhbldsaS 2F n
may be more appropriately considered fegttingoccupational workeguideline valus, the

TCEQ does not set healtased values at thresholds for the protection of the general public

and notes that this concentration corresponds to thewgational STEL recommended by

ACGIH (STEL of 0.3 ppm) and exceeds that recommended for workers by NIOSH (STEL of 0.1

ppm).

Comment 9

In a recent human exposure study, Mueller et al. (2013) examined chemosensory effects of
formaldehyde in 41 hypaandhypersensitive male volunteers. Individuals were exposed on five
days, for four hours, at four different concentrations (0.3 ppm, 0.3 ppm + 4 x 0.6 ppm peaks,

0.4 ppm + 4 x 0.8 ppm peaks, 0.5 ppm, and 0.7 ppm). The results indicate no chemosensory
effectson hypo and hypersensitive males at formaldehyde exposures to 0.7 ppndfoours

and to 0.4 ppm fort hours with peaks of 0.8 ppm for 15 minutes. The measured endpoints
included conjunctival redness, eydinking frequency (EBF), tear film bregk time (sBUT),

nasal flow, and several subjective symptoms. This study supports the conclusions of the Lang et
al. (2008) study and indicates sensory irritation is unlikely to occur below 0.1 ppm, even for
hypersensitive individuals.

The WHO Guidelines and ctusions of other authoritative bodies make clear that sensory
irritation is unlikely to occur below 0.1 ppm. The most recent controlled studies in humans
support this conclusion. Therefore, we strongly believe that the TCEQ should consider 0.1 ppm
as the bwest, most conservative value from which to derive its AMCV.

TCEQResponse:

Please see previous monents regarding the use afang et al. (2008 sa supporting stug and

the WHO indoor air threshold guideline val{ge30minute not to be exceeded valyief 81 ppb

(0.1 mg/n?). In regard toMueller et al. (2013)seemingly spurioustatistically significant
differencessuch aghose for all threedobjectiveé measures of eye irritatiom volunteers

identified as sensitive under the control condition gbm (e.g., statistically significant

increases in the percent of hypsensitives with decreased conjunctival redness and decreased
eye blinking frequency at O ppra¥y well as other paradoxical results such as tear film breakup
time actuallybeingprolonged inboth groups (hypdhyper-sensitive)after all exposures to
formaldehyde, achieving statistical significance in most cagess rise to TCEQ concerns about
use of this studyRegarding the suggestion to use of 0.1 ppm as the lowest, most conservative
value from which to begin to derive the 2¥ur AMCYV, the TCEQ notes tliais comment
discusses 0.1 pplike a NOAELo be used as the PO@.g. a @I € dzZS FNRY gKAOK



I a / Yaéd that the final 2dhour DSD uses a NOAEL estimditeth the keystudiesthat is
actually slightly higher (i.e., LOAEL of 0.4 ppm / UFL of 3 = estimated NOAEL of 0.133 ppm).
Despite usgdifferent key studesthan suggested, the final 2dour AMCV of 41 ppb is similar
to, although somewhat lower tharihe WHOIndoor ar guidelinethresholdvalue of 81 ppb.

The 24hour AMCWvill protect the gemral public, including sensitive subpopulations, against
potential formaldehydenduced sensory irritation.

References

Agency for Toxic Substances and Disease Registry (ATSIBRY.ccological Profile for
Formaldehyde.

California Environmental Protection Agency (CalEPA). 2008. Formaldehyde Reference Exposure
Levels.

Golden R. 2011dentifying an indoor air exposure limit for formaldehyde considering both
irritation and cancehazards. Crit Rev Toxic@l1(8):672721.

Holmstrom M, Wilhelmsson B, Hellquist H, et al. 1989a. Histological changes in the nasal
mucosa in persons occupationally exposed to formaldehyde alone and in combination
with wood dust. Acta Otolaryngol (Stockt()7:126129.

Krakowiak A, Gorski P, Pazdrak K, et al. 1998. Airway response to formaldehyde inhalation in
asthmatic subjects with suspected respiratory formaldehyde sensitization. Am J Ind Med
33:274281.

Lang I, Bruckner T, Triebig G. 2008. Formaldehgdeelhemosensory irritation in humans: a
controlled human exposure study. Regul Toxicol Pharmacol 8823

Mueller JU, Bruckner T, Triebig G. 2013. Exposure study to examine chemosensory effects of
formaldehyde on hyposensitive and hypersensitive malesitoh Occup Environ Health
86:107117.

Pazdrak K, Gorski P, Krakowiak A, et al. 1993. Changes in nasal lavage fluid due to formaldehyde
inhalation. Int Arch Occup Environ Health 64:519.

Tanaka K, Nishiyankg Yaginuma H, et al. 2003. Formaldehyde exposure levels and exposure
control measures during an anatomy dissecting course. Kaibogaku Zasshi 7812):43

Texas Commission on Environmental Quality (TCEQ). 2008. Development Support Document
Formaldehyde CASegistry Number: 500-0. Austin, TX: Available at:
http://www.tceq.texas.gov/toxicology/dsd/final.html

Wilhelmsson B, Holmstrom M. 1992. Possible mechanisms of formaldamgdeed dscomfort
in the upper airwaysScand J Work Environ Health 18:40%.


http://www.tceq.texas.gov/toxicology/dsd/final.html

World Health Organization (WHO). 2010. WHO Guidelines for Indoor Air Quaétgcted
Pollutants. World Health Organization.



' tt 9b 5L - M

American Forest & Paper Asdksoci at
Coun€omment s

Amaric_an AMERICAMN
WOOD
Forest & Paper COUNCII
. Assoclation
May 8, 2014

Texas Commission on Environmental Quality
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P.O. Box 13087

Austin, T¥ T8711-3087

RE: Formaldehyde 24-Hour Ambient Air Monitoring Comparison Value
To Whom [t May Concem:

The American Forest & Paper Association (AF&EPA) and the Amencan Wood Council
{AWC) appreciate the opporiunity to comment on the Texas Commission on
Environmental Guality's (TCEQ) proposed 24-Hour Ambient Air Monitoring Comparison
Value (AMCV) for formaldehyde.

AF&PA is the national trade association of the forest products indusiry, representing
pulp, paper, packaging and wood products manufaciurers, and forest landowners. Cur
companies make products essential for everyday life from renewable and recyclable
resounces that sustain the environment. The forest products industry aceounts fior
approxmaiely 5 percent of the total U.S. manufacturing GDP. Industry companies
produce about 5175 killion in products annually and employ nearly 900,000 men and
women, excesding employment levels in the automeotive, chemicals and plastics
ndusiries. The industry meets a payroll of approximately 350 bilion anmeally and is
among the top 10 manufacturing sector employers in 47 states.

AWC 5 the woice of Morth American fraditional and engineered wood products,
representing ower 75% of the industry. From a renewable resource that absorbs and
sequesters carbon, the wood products industry makes products that are essential to
everyday life and employs about one-third of a million men and women in well-paying
jobs. AWC's engineers, technologists, scientists, and bulding code experts develon
state-of-the-art engineering data, technology, and standards on struciural wood
products for use by design professionals, building officials, and wood products
manufacturers to assure the safe and efficient design and wse of wood structural
components. AWC also provides technical, legal, and economic information on wood
1101 K Street MW, Suie 700 » Washingloe, OC 30006 232 Caindin Circle BF, Sulle 1 = Leesharg, V& 20173
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design, green building, and manufacturing environmental regulations advocating for
balanced government poficies that sustain the wood products industny.

Recenty, TCEQ proposed a 24-hour acute AMCV of 24 ppb using based presumably
on only one study by Wilhelmsson and Helmstrom (1282) that reports elevated rates of
sympioms such as eye, nasal, and lower ainway discomiort in workers. Analysis of the
acuie effects of formaldehyde based solely on one paper is not scientifically robust and
is urwise. Furthemmore, the decision to make a determination based on cne study gives
the impression that (1) this is a unigue study in supplying mformation on these
endpoints and, (2} the study is of acceptable quality. Unfortunately, neither of these
statements are frue. As discussed below, several evaluations have been conducted on
the non-cancer health effects of formaldehyde. Indeed, controlled formaldehyde
chamber studies provide less possible confounding than occupaticnally exposed
cohorts and a more useful basis for derving the AMCY. OF interest, there are ower 20
published stwdies and critical reviews of these controlled studies of formakiehyde that
provide consistent and convincing outcomes of acceptable exposure concentrations of
appromately 0.1 ppm. Moreover, several authoritative bodies have already conducted
a review of the formaldehyde literature and have identified the reliance of these studies.

Conversely, at least three reviews of the formaldehyde Ferature have come to the
concusion that Wilhelmsson and Holmstrom | 1222) does not provide sufficient details
te be relied wpon for determining an acceptable concentration of formaldehyde.
Consequenty, we urge TCEQ to discard their flawed evaluation and commit to
additional review. Whik we feel several studies are appropriate to provide a
satisfactony body of data to support the AMCY, a recent stwdy by Lang et al. {(2008) has
bpeen chosen by other organizations for a simiar exercise and thus we recommend its
use. One example is from the Word Health Organization that used Lang et al. to derve
a protective threshold concentration for sensory imitation n indoor environments. at
0.125 ppm.

The Study Chosen by CEG for the AMCV is Inadeguate for the Prescribed
Purpose

Wilhelmsson and Holmstrom (1892} have been reviewsd by several authoritative bodies
and in several cases the use of the findings for pubfic health considerations has been
rejected. For example, the Mational Academy of Sciences commities in its review of
EPA's 2010 draft IRIS file of formaldehyde concluded that Holmsrom and Wilhelmsson
{1888} and Holmstrom et al. {1888} which to our understanding represents the same
cohaort have “numerous weaknesses, the most important of which s a failure to identify
a clear relationship between adverse responses and exposure concentration or
exposure duration.” Morsover, the Weorld Health Organization (WHO) Guidelines for
Indoor Air Cuality (2010) chapter on formakdehyde concluded that Holmstrom et al.
{1888} “cannot be wsed for risk assessment owing to te lack of an exposure-d

effect” Finally, the joint DECOSMordic group considered Holmstrom and Wilhelmsson
a, “not well-documented study” and the recommendation from the Scentific Committee
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on Oecupational Exposure Limits (SCOEL) for Formabdehyds (2008) stated that the
publication “neither gives methodolegical detais of the guestionnaire used, nor was the
wiay of exposure assessment specfied.”

In addition to these concems, the NAS report also raised questions regarding potential
confounding to cther chemicals/substances. The MAS report suggested co-exposures
mcluding resins and dusts. Cerainly the reporied finding of deeper airway discomfort
does not seem to be atirbutable to formaldehyde. Also, another paper by Holmstrom et
al., (1285) appears to have a simidar exposure scenarie and reporied where exposures
to organic solwents and dusts resulted in nasal, pharyngeal, and ecular symptoms of
discomfort common ameng all exposed groups.

Determination of the AMCV Should Bely on Contralled Human Studies

Authoritative bodies worldwide hawe relied on the wse of chamber studies precisely
b=cawse they allow an accurate measure of formaldehyde concentrations associated
with ccular and upper ainway sensory irmtation. Both WHO and SCOEL have utlized
chamber studies in derving appropriate values to probect against sensory imitation. In
addition, the MAS has stated that chamber studies, “provide controlled measures of
exposure and response.” Therefore, we feel TCEQ should use chamber studies to
determine the AMCV.

The Environmental Protection Agency (EPA) also has evaluated these types of studies
and has reached similar conclusions. In a cntical analysis of confrolled human
vaolunteer exposure studies to derive human health effiects criteria for sensary imtation
EPA noted that, “an important advantage of this approach is that all relevant data can
b= used in the derivation as cpposed to a MOAEL for the crtical effect. The benefit of
doing so allows health risks to be estimated across vanous exposure levels (EPA,
20058)." This modeling process which was endorsed by the EPA's Science Adwisory
Board showed a clear threshobd at 0.5 ppm for any symptoms of sensory mmitation for
formaldehyde and an effective concentration at 1.5 ppm for moderate effects.

With regard to adjustment factors or uncertainty terms we generally agree with the
decisions made by TCEQ. We recognize that the wohmnteer studies are mot 24 hour
exposures and that for many chemicals a nsk-based adjustment to convert to a 24 hour
exposure would be appropriate. However, we concur with TCEQ's treatment of the data
basad on the knowlsdge that formaldehyde-induced sensory imitation is stronghy
dependent on concentration and not the traditional function of concentration multiplied
by time. We also note that not performing this duration adjustment is consistent with
other agencies. As to intraspecies variability, however, it is owr opinion that while the
scientic literature reports on a broad range of reported human susceptibility to the
mmitating properties of airbome formaldehyde, the threshold of effect appears consistent
across the human woluntesr studies and a database wncartainty factor doss not appear
to be wamanted. Finally, TCEQ supports this uncertanty term based., in part, on
occcupational cohorts where the healthy worker affect may underestimate an efiect in the
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general population. As these human volunieer studies do not include workers and
sometimes nclude asthmatc individuals {a sensitive subpopulation) showing no distinct
difference from non-asthmatics, an intraspecies uncertainty factor does not appear to be
supported by the underying facts.

Lamg et al. (2008) Would Provide Useful Information to Develop the AMCVY

As noted earfier, there are several published studies describing health efiects of
formaldehyde using controflied conditions with humans. Some precedent has been
established by WHO and SCOEL in the use of Lang =t al. (2003) to derive a threshold
value for sensory imitation which should be considered the critical endpoint for the
evaluation of the AMCNV. Based on this study, # is notable that symptoms of sensony
mmitation are unlikely to oceur at levels below around 0.1 ppm. Many authoritatve
organizations have reached this same conclusion. Consequently, we recommend the
WHO derived protective threshold concentration of 0.125 ppm as the AMCY.

Again, AFEPA and AWC appreciate the cpportunity to provide these comments on the
derivation of the proposed AMCV for formaldehyde. I you have any questions

regarding these comments, please contact Stewart Holm, Chief Socentist, at (202) 463-
27008 or at stewart holmiflafandpa.org

Sancersly,
2 2] -
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RE: Proposed Formaldehyde 24-Hour Ambient Air Monitoring Comparisom Value
Dear 5ir or Madam:

The American Chemistry Council’s Formaldehyde Panel (the Panel) is pleased to submit the following
comments on the Texas Commission on Environmental Quality's (TCEQ) proposed 24-Hour Ambient Air
Monitoring Comparison Value (AMCV) for formaldehyde, The Panel represents US producers, suppliers
and users of formaldehyde and formaldehyde products.

The TCEQ proposes a 24-hour acute Reference Value [ReV) of 30 ug/m? (24 ppb) and identifies the
critical effects as “elevated rates of symptoms such as eye, nasal, and lower airway discomfort in
workers.” The TCEQ has chosen Wilhelmsson and Holmstrom [1992) as the key study for development
of the AMCV for formaldehyde. As discussed in the comments below, however, the Wilhelmsson and
Holmstrom [1992) study does not represent the most up-to-date scientific information to characterize
the association between formaldehyde exposure and irritation and includes critical confounding factors.
Therefore, it should not be relied upon to derive the AMCV for fermaldehyde.

Controlled formaldehyde chamber studies provide a more reliable basis from which to derive the AMCY,
and there are in fact over 20 published studies and critical reviews of controlled studies of formaldehyde
that provide consistent findings (many of which were reviewed in the World Health Organization (WHO)
2010 Guidelines for Indoor Air Quality = Formaldehyde). (Golden et al., 2011) In addition, many
authoritative bodies have chosen to raly on these chamber studies to identify thresholds for sensory
irritation. For example, the WHO used Lang et al. (2008) to derive a threshaold for workers at 0.1 n'|g'l"1'n3
and for indoar environments at 0.125 mg/m’. The Lang et al. {2008] study is 3 well conducted study of
21 volunteers, and was selected by WHO to be one of the key studies in this derivation because the
corrected lowest observed effect level (LOEL; 0.63 mg,fm’] from Lang et al. {2008) was in agreement
with no observed adverse effect levels (NOAELs) from studies in both humans and animals, including
Kulle et al. (1987] and Nielson et al. {1993).
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Accordingly, the TCEQ also should consider the Lang et al. (2008) study to derive the AMCV. Moreover,
based on the weight of the available scientific evidence, symptoms of sensory irritation are unlikely to
occur and would be insignificant at levels below 0.1 ppm (Golden et al., 2011; Mueller et al., 2013},
Therefore, the WHO guidelines, based on the higher quality chamber studies, appear to be accurate.

The Key Study Chosen for Setting the AMCV Should Not Be Used for Risk Assessment Due to Possible
Confounders and Lack of An Exposure-Dependent Effect.

In the support document for the proposed AMCY, the TCEQ identifies Wilhelmsson and Holmstrom
(1992) as the key study chosen for development of the AMCV. This study evaluates reported symptoms
of sensary irritation in a cohort of 66 formaldehyde plant workers, and is the same cohort that has been
analyzed in the widely cited Holmstrom and Wilhelmsson (1888) and Holmstrom et al. (1989) papers.
These studies have drawn significant criticism by 2 number of authoritative bodies. Most recently, the
1989 and 1988 studies were reviewed by a National Academy of Sciences (NAS) committee in its review
of the Environmental Protection Agency’s (EPA’s) 2010 draft Integrated Risk Information System (IRIS)
assessment of formaldehyde (2011) (NAS Report). The NAS Report concluded that the Holmstrom and
Wilhelmsson (1988) and Holmstrom et al, (1989) studies taken together have "numerous weaknesses,
the most important of which is a failure to identify a clear relationship between adverse responses and
exposure concentration or exposure duration.” (pg. 77)

In addition, the NAS Report raised concerns regarding potential confounding due to co-exposures to
other respiratory irritants in the workplace, {pg. 76) A careful examination of the Halmstrom and
Wilhelmsson (1988) study reveals that despite the claim by the authors that it looked at two groups —
one "exposed almost exclusively to formaldehyde as the only nasal irritant” and the other exposed to
both wood dust and formaldehyde, workers in both groups were exposed to dusts. The “formaldehyde-
only” group consisted of 70 workers "...where formaldehyde and products based on formaldehyde were
produced (resins and impregnation of paper for laminate production) . . . For the group of workers
impregnating paper {N=31) dust concentrations of upto 1 mg/m’ have been measured close to the
machines.” Therefore, since 44% of the formaldehyde-only workers in this study were exposed to both
formaldehyde and paper dust, there is no basis for attributing effects to formaldehyde alone.

Paper dust is a nasal irritant and has also been associated with eliciting symptoms in asthmatic workers
{Jaakkola and Jaakkola, 2007; Shusterman, 2007). Based on this association, the significant findings of
nasal discomfort, eye discomfort, and deeper airway discomfort in the formaldehyde group should not
be attributed to formaldehyde alone. In fact, the 44% frequency of deeper airway discomfort in this
group suggests that something other than formaldehyde (or in addition to formaldehyde) was causing
this effect since formaldehyde is efficiently scrubbed from the upper airways and does not penetrate
into the lower airways and bronchi. (See Golden, 2011, citing Schlosser et al., 2003; Kimbell et al., 1953,
2001; Overton et al., 2001; Garcia et al., 2009). Since, as the NAS Report notes, “the co-exposure could

americanchemistry.com® 700 Second St., NE | Washiagton, DC 20002 | {202) 249,7000
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be a confounding factor in the study,” {p. 76), this study should not be relied upon to quantify the
association specifically between formaldehyde exposure and upper respiratory tract pathology.

In addition, the WHO Guidelines for Indoor Air Quality (2010} chapter on formaldehyde (WHO
Guidelines) concluded that Holmstrom et al, (1983) “cannot be used for risk assessment owing to the
tack of an exposure-dependent effect.,” (pg. 116) Similar critiques of this cohort study can be found
elsewhere in the scientific literature, (See e.g., Wolkoff and Nielsen, 2010; Galden, 2011).

Given that the Wilhelmsson and Holmstrom (1992) study is essentially the same cohort and has not
addressed the concerns Identified above, it should be judged of a lesser quality than more recent studies
and should not be relied upon to derive the AMCV.

The TCEQ Should Rely on Controlled Human Studies to Determine the AMCV,

There are numerous controlled chamber studies using human volunteers that can provide a more
appropriate data set for deriving a valid AMCV for sensory irritation. Controlled chamber studies allow
for clean air controls that ensura known dose concentrations and preclude confounding by other
chemical exposure. This of course allows for a more accurate assessment of a potential threshold
specifically attributable to formaldehyde.

The use of controlled formaldehyde chamber studies in developing risk values for sensory irritation has
been validated by a number of authoritative bodies. In reviewing the 2010 draft IRIS assessment of
formaldehyde, NAS agreed with EPA that eye irritation is the critical outcome upon which to base risk
values, but questioned the Agency's rejection of the chamber studies, statingz "The draft IRIS
assessment sets aside the chamber studies as less relevant to derivation of candidate RiCs, but the
findings from the studies could be useful, and the committee does not concur with EPA’s decision to set
them aside..." The NAS goes on to state that the utility of chamber studies is that they "provide
controlled measures of exposure and response.” (NAS Report, at 65, 68)

Indeed, EPA itself has evaluated these types of studies and has reached similar conclusions. In 2005,
EPA conducted a critical analysis of six human volunteer controlled exposure studies to derive human
health effects criteria for formaldehyde-induced sensory irritation. From these data, mathematical
models were used to assess responses. EPA noted that:

An important advantage of this approach is that all relevant data can be used in the derivation
as opposed to a NOAEL for the critical effect. The benefit of doing so allows health risks to be
estimated across various exposure levels (USEPA/NCEA 2005).

This approach was supported by the EPA Science Advisory Board reviewing EPA’s 2005 report, which
observed that the process EPA used in this report:
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makes use of every bit of data available.... The underlying premise of the approach is that the
severity of the effect, not the specific measurement or outcome incidence, is the information
needed for assessing exposure-response relationships for non-cancer endpoints... (USERA/NCEA
2005),

EP4's detailed modeling process showed a clear threshold at 0.5 ppm for any symptoms of sensory
irritation for formaldehyde and an effective concentration at 1.5 ppm for moderate effects.

MWumerous other regulatory and authoritative bodies worldwide have relied upon the large body of data
from chamber studies precisely because it permits a more accurate assessment of formaldehyde
concentrations asseciated with sensory irritation than workplace or residential studies. |See eg., OECD
Development Screening Information Data Set, 2002; EU Scientific Committee on Occupational Exposure
Lirmits, 2008; WHO Guidelines, 2010].

The TCEQ 2012 guidance document, TCFQ Guidelines to Develop Toxlcity Foctars (RG-4432), describes
using controlled human chamber studies which meet the WHO International Programme on Chemical
Safety (IPCS] criteria in Section 3.3.3.3.1.1 for derivation of screening values. The Lang et al. (2008 study
clearly meets these criteria. Furthermore, appropriate controlled human chamber studies previously
have been used by TCEQ as the "key study” in several Effects Screaning Level {ESL) and AMCY
derivations, including, acetone, n-butyraldehyde, and methanol.

Therefore, the TCEQ should utilize chamber studies for purposes of developing the AMCY for
formaldehyde as well, because these well designed and well described exposures provide greater
scientifle clarity.

\We recognize that controlled studies are often criticized for focusing on acute: effects, and therefore
they do not capture potential effects from longer term exposures. The Propased TCEQ Guidelines to
Develop 24-Hour Inholation Reference Volues sugeests that exposure duration adjustments should be
made for studies that are less than 24 hours. It is important to note; however, that formaldehyde does
not fallow traditional "concentration x time™ principles consistent with Haber's law. Therefore, it is the
concentration, not the time or duration, of the exposure that is relevant to the observed health
oukcomes. Scientists, including some within EPA, report that, for formalde hyde-induced sensory
irritation, there is essentially no meaningful difference betwean shart-term and longer-term exposure
(EPA, 2004; NAS, 2007; Shusterman et al., 2006). In fact, NAS (2007) concluded:

Formaldehyde irritation does not appear to follow Haber's law [concentration [c] x exposure

time [t] = response [k]] for extrapolating between short-term and long-term toxicity levels.
Generally, concentrations that do not preduce short-term sensory irritation also do not produce

americanchemistry.com® 700 Second 5t., NE | Washington, DC 20003 | {302] 249. 7004



Texas Commission on Environmental Quality
May 6, 2014
Page 5

sensory irritation after repeated exposure... The degree of sensory and irritant effects at lower
exposure levels depends on concentration rather than duration (NAS, 2007, at 105-06, 118).

This conclusion is based on test results derived from human chamber studies which show that once
symptoms are produced at 2 certain concentration they are not enhanced with additional exposure
time. As such, the estimated point of departure (POD,;) that would be relied upon for the derivation of
the 24-hour formaldehyde AMCV would need no duration adjustment if the Lang et al. (2008) study is
used as the basis.

The TCEQ Should Use Lang et al. (2008) to Support the Derivation of the AMCV.

As noted above, there are over 20 published studies and critical reviews of controlled studies of
formaldehyde.! The TCEQ should consider Lang et al. (2008) as the key study to derive the AMCV.
Firstly, the Lang et al. (2008) study presents new data, possibly rendering the previous 2009 derivations
obsolete and warranting re-evaluation; secondly, there is precedent for the use of this study to derive a
risk value for sensory irritation. The WHO did so in developing the final threshold value for abjective
sensory irritation,

Essentially, the TCEQ is using the same justification and study for development of the 24-hour AMCV as
it did for the formaldehyde acute and chronic ESLs and AMCVs. These values 'were derived in 2008,
which was prior to the publication of Lang et al. (2008). In August, 2008, the TCEQ responded to public
comments on the proposed formaldehyde acute and chronic ESLs and AMCVs. (Texas Commission on
Environmental Quality (TCEQ) Responses to Public Comments Recelved on the Proposed Development
Support Document for Formaldehyde, August 7, 2008). In that response, the TCEQ included the Lang et
al., (2008) study in the acute section of the formaldehyde assessment. In both the August 2008
response to comments and the 2012 TCEQ Guidelines for Development of Toxicity Factors, the TCEQ.
states that it will update ESLs and AMCVs when new scientific evidence supports a re-review. The Lang
et al, (2008) study and its supportive peer-reviewed studies (e.g., Triebig et al., 2012; Mueller et al.,
2013) create a substantial body of new evidence. The 2008 assessment which provides the basis for the
proposed 24-hour AMCV is scientifically out of date and should be re-evaluated.

In Lang et al. (2008), the authors examined 21 volunteers over a 10 week peried and each participant
was exposed to 10 exposure conditions on 10 consecutive working days, each for 4 hours. During 4 of
the 10 sessions, ethyl acetate (12-16 ppm) was used as a masking agent for formaldehyde exposure.
Measurements were related to conjunctival redness, blinking frequency, nasal flow and resistance,

* See Golden {2011), citing e.g., Andersen (1979); Andersen and Molhave (1983); Bender et al. (1983); Day et al.
(1984); Gorskl et al. (1992); Green (1987); Krakowiak et al. (1998); Kulle (1993); Kulle et al. (1387); Lang et al.
(2008); Pazdrak et al. (1993); Schachter (1986, 1987); Weber-Tschopp et al. (1977); Witek [1987).

? Recant controlled chamber studies by Triebig t al, (2012) and Mueller et al. (2013) confirm the outcomes from
Lang et ai. (2008).
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